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BRIEF COMMUNICATION 


A DISSECTION METHOD FOR DETERMINING THE GUT CONTENTS OF 
CALANOID COPEPODS 


‘The cxamination und recording of gut contents has proved 
lo be a useful aid im the study of the diets of zooplankton, 
The method cannol give a complete picture of the dict of a 
particular species as some food Items aro more delicate than 
others und are more readily broken during mastication anil 
dissolved by dagestive enzymes. However, many algae and 
animals In the Wiets of copepods remain sufficiently 
undamaged, or have ailequate idemtifiable parts thar gre 
resistant Ki enzymatic breakdown, to allow a reasonably good 
usyessmont of diet fram put contents analysis 145 -itis 
prelerable to base the analysis on the contents of the fore-gut 
Fig. 2), it which much of the ingested material has boon 
less allected by enzymatic action und is less compacted, than 
on the compacted and well dagested bolus in the Dind-gut, 
or the faccal pellers. 


hi is nota simple matter, however, 10 dissect out Ihe entire 
gut contents of a copepod, largely because of the manipulative 
delicacy required. The contents of the foregui can be 
particularly difficult to extract in their entirery becuse ul their 
diffuseness. Those who have used # dissection method may 
thus choose to remoro only Ihe hind gut balus’, The methods 
most used for examining gut contents avoid direct dissection. 
In the squash techmque, the gut contents are extracted from 
either lve or preserved specimens by pressing down on 2 
coverslip over the animal!*°. This method has the advanlıge 
of bath releasing the material in the gut and dispersing it so 
that individual tems may be identified and counted. Another 
method is to render the whole animal transparent by clearing 
in in lacie acid”, or in cuparal or canada balsam after passing 
il through an aloahol series". The drmwhack here is thal the 
gut contents are nol dispersed, and even when the gut heluges 
cro be clearly seem the individual food tems are mousily 
difficult ua identify positively ar to count. One way of 
avercaming such difficulties is ta place che specimen under 
a cover slip und erode away most of Ihe tissues with weak 
sodium hypochlorite’. The hypochlorite is then flushed away 
before Ihe gul contents are oxidised, and it ix usually possible 
to identify many of the individual food items by gently moving 
the cover slip, which partly redistributes the gut coments, The 
method has been used successfully in Australia to determine 
manmum gut food-particle sizes of the copepods Calenwevia 
(woot, Boeckella wiruda and R tniarticulun in Wallerewang 
Reservoir? 


During x study of carnivory by three large omnivorous 
calanuid copepods (Boeckella major, B. pseudocheloe and 
Hemibueckella searti} trom temporary ponds on the upper 
River Murray Noodplain, we tried all the above methods of 
gul contents analysis, None of them proved entirely 
satisfaciory, particularly lor revealing the remains of anımals 
in ihe wii contents. This appeared to be minty due to the 
large size and thick bodies of the copepods, and because we 
had available only specimens preserved in 4% formalin and 
70% alcohol, The squash method appeared reasonably 
salistactary for small specimens, bur in larger animals (and 
particularly those preserved in 4% formalin) the gur contems 
were often difficult 10 observe clearly amongst the mass af 
disrupted exoskelerán and muscle tissue. Clearing im lactic 


acid was only partly successful. The copepods did mol ettar 
very well, again apparently because of their large size. 
Whenever the food boluses could be seen clearly, animal 
remains (cg. cuticle, selae) were difficule OF iipossible to 
recognise as they usually were crushed and compacted within 
the bolus The hypochlorite erosion merhod was also not 
entirely successful. Even though tHe gut cuntents could be 
partly manipulated, the fact that the gut boluses were nt fully 
dispersed mide animal material difficult (a see. As well. iL 
was found that bubbles of oxygen produced during (issue 
erosion accumulated within the body and obscured the gut 
contents, and that care had to be taken to ensure thar the gui 
contents ihemselyes were nor axidised, 

In order 10 overcome: these difficultics we developed Ihe 
allowing dissection method, which enables the entire gue 
contents of both small and large copepods io be remayed 
The contents of both fore- and hind-gutx can be cleanly 
ealraciod without interference fmm most surrounding tissues, 
dispersed. ond permanently moumed. 

Needles for dissection are made from 2 ém lengths ul 
0.3 mm tungsten wire, which is rigid enough tò allow same 
pressure 10 be applied during dissection, and may be 
sharpened to a fine point. For dissecting large copepods a 
sharp enough point can be produced with a fine diamond 
whetstone (e ġ. “Ezelap”). For small copepods it. is beter to 
produce the desired point by erosion, either in molten 
NaNO,, heated over a bunscn burner ina crucible! or ty 
electredysis in 10-20% KOH. For electrolysis, the wire is 
clamped to cine terminal ofa 6Y alternating current electrical 
circuit (a microscope-illumination Lransformer is suitable) and 
dipped into the KOH". tn either case, the wire is moved 
m and out of the fluid, and the depth to which the wire is 
Inserted governs whether the resulting point as ahort and stout 
or long and slender The sharpened necdie is then mounted 
in a holder, Satisfactory holders may be made fram pui vices 
Ismall Eingor-operated drill holders available from model 
shops) that have been lengthened. if necessary, by the addition 
ata section of brass rod (Fig. 1c). The uingsten needle is 
bent at a slight angle to the axes of the holder (Fig, Limi, w 
aid keeping the needle parallel to the slide surface during 
dissection. Jewellers forceps, with finely sharpened paints, 
are used far transderring copepods, or their pans, 

Dissection can hé done in water, but ir is casier Ifa more 
viscous medium is used, Polyvinyl alcuhol-lactophenol 
mountant |PYA\" is very suitable as it can be used ta make 
permanent mounts of the gut contents. Lignia pink muy be 
added Ww die PVA fo stain chic 


tn 
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Fig L.A dissecting needle, consisting of y pin vice holding 
a finely pointed twngsten needle (in). The commereialty 
available pin vice has been extended by the addition of a 
section of brass rod (el, Scale har — Lom. 


Fig. 2. Dissevtion of put contents. Orientation of specimens 
15 that for a right handed person, A, Lateral view of 
Boeckella mayor showing the fore gut (Fgh) and hind gut 
(heb) boluses, The first. and second dissection cut-lines are 
shown by dashed lines | and 2, respectively, B. Orientation 
af the copepod and dissection technique for removing the 
antero-ventral portion of the prosome, The right needle is 
placed with its point between the maxilliped and First 
swimming legs and pressed firmly down and held against 
ihe slide. Back and forth movements of the left needle then 
sever the antero-ventral surface, which is pulled away to 
the left. €. The body ready for transfer ta the second deop 
of PVA. The optional cut-line for removing the remaining 
veniral surlace 15 shown by a dashed line. D. Extraction 
pf the fore gut contents. The body is held with the left needle 
while the fore gut bolus is gently pulled cut with the right 
needle, Scale hars = | mm. 


Using the forceps, two drops of PVA are placed bn a slide. 
The copepod je picked up with the forceps and placed in one 
drop. in which most af the dissecilon (i.e, removal pf urosome, 
untero-ventral surface and mouthparts) i3 done. The body is 
then transferred to [ic second drop for the remoyal, teasing- 
out and mounting of the gut contents 


Dissection is done using à stere dissecting microscope al 
a magnification of ca. 30-40%. The copepod is ori¢mated 
with its ventral surface partially inclined to the left and away 
from the dissector, and, Tor a right-handed person, with its 
anterior end to the left (Fig. 2a). Firstly the urosome amd 
terminal segment of the prosame are removed by cutting along 
dashed line | (Hig, 2a), and then the antero-ventral surface 
of the cephalosome plus mouthparts, hy cutting along dashed 
line 2 (Fig. 2a). If desired, Ihe swimaung limbs (PI-P4) may 
also be removed (by cutting along dushed line 3, Fig. 2c), 
This is not absolutely necessary but may be useful if the 
ovaries are well developed. Swallen ovarioles make removal 
of the gut contents difficult, and removal of the swimming 
limbs and remaining ventral surface usually results in the 
concomitant removal of much of (he ovary tissue 

The first cut is made with the animal orientated as shown 
in Fig. 29. The body is held with the lefi needle and the cul 
made woh the naht needle by pressing down firmly along 
line I, using a forward and backward sawing action of the 
righe needle if necessary. For the second cur, the animal is 
roorientated to the position shown in Fig. 2b. The animal is 
held with the left needle (near the base of the first antennae 
is a suitable point) and the right needle firmly pressed down 
over the body (Fig. 2b), with the point of the needle between 
the maxillipeds and first pair of swimming limbs. While the 
right needle is pressed firmly down against the slide, the 
antero ventral surface and mouthparts are severed by buck 
and forth cutiing movements by the Up of the lefi needle (Fig. 
2b). The procedure usually pushes the fore-gut bolus slightly 
dorse-pesteriorly towards the tear-of the fore gut, and very 
occasionally may result in the rear-gut bolus being extruded 
if this happens, the rear-gut bolus can be retrieved with the 
forceps and transferred to the second drop of PVA. The body 
should now look as shown in Fig. 2c. If necessary, the 
swimming legs may now be removed hy cutting along line 
3 (Fig. 20). pressing down on the body with the right needle, 

Using the torceps, the body may now be transferred to Ihe 
second drop of PVA, atid held by the left needle with ventral 
side uppermost and anterior end facing right (Fig, 2d), The 
fore-gut conlents are then carefully scraped out with the right 
needle (Fig. 2d), the body rotated 180° und the reat-gut bolus 
removed in a similar manner. Finally, the body is removed 
with the forceps and discarded, 

The tood boluses muy now be carefully teased apart with 
both needles and a amall covership added. A 10 mm or smaller 
diameter coverslip is beter than the standard 24 mm size, 
lo reduce the arca that has to be searched during migroscope 
examination. The gut contents can be fully dispersed by the 
application of light pressure, and perhaps also small side-tn- 
side movements, to the top of the cover slip wills a needle 
ur the forceps. 

‘The gut contents of both small (c.g, Boeckella symmetrica, 
body tengih ca. 1-1,5 mm) and large (e.g. 3, major, body 
length ca. 3-5 mum) freshwater calanoid copepods can be easily 
extracted using this disscetion method, Because both the gut 
boluses can be extracted and teased apart we found that the 
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Fig. 3. Photomicrographs of animal remains and algae in dissected gut contents of Boeckella major. A, Daphria oarinata: 
a, post-abdomen; b, mandibles, e, enriele and thoracic limbs, B, a, calanoid copepodite limbs: b: calanoid copepods: 
mandible; c, calanoid nauplius; d, Testudinella patina. ©. Keratella procurva, wophus arrowed. D Algas: a, Stawrastraem 


sp; b, indet, diatom 
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method reveals animal remains in the gut contents better than 
the whole-animal squash and clearing techniques mentioned 
above. it is possible lo pick out both very small animal remains 


(ey. rotifer trophi, Fig. 3), and the diaphanous cuticular 


remnants and setae of cladocerans and copepods (Fig. 3). The 
visibility of cuticular fraginents is enhanced by the lignin pink 
stain in the PVA, and also by the use of Nomarski interlerence 
optics, Algae, fungi, detritus and inorganic material in the 
guts are also clearly visible (Fig. 3). It is possible to make 
quantitative counts of the gnt eontents. 

Animals preserved in 70% alcohol proved to be easier to 
dissect than those in 4% Tormalin. Alcohol preservation results 
in the dissolution of much of the muscle tissue and the 
softening ol the exoskeleton. The body is thus easter to sever 
and to manipulate than when preserved in formalin, and there 
is less lissue “rubbish” in the final gut contents preparation. 
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The dissected limbs and other body parts remaining in the 
first drop of PVA can be put to good use. The mouthparts 
can be dissected off the remnant antero-ventral surface more 
readily than they can be from the whole animal. To do this, 
the apodenies at the bases of the mouthparts are anehored 
solidly against the slide with the left needle, while the 
mouthparts are easily dissected off with the right needle. 
Moreover, egg sacs removed with the urasome can be used 
for clutch-size determinations and measurements ol egg size. 
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